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Executive Summary 

Arup were engaged by Department of Infrastructure, Transport, Cities and 

Regional Development (DITCRD) to develop 30% (concept) design for debris 

flow and rockfall mitigation measures at Flying Fish Cove, Christmas Island. 

GHD prepared a Quantitative Landslide Risk Assessment (QRA) for Flying Fish 

Cove and found that the risk from debris flows exceeded tolerable limits for risk 

of loss of life at three individual sites. After a review of the QRA, Arup carried 

out a landslide mitigation measures options assessment for these select sites. 

DITCRD selected debris flow / rockfall fences as the preferred option for 

mitigation. 

Debris flow and rockfall modelling has been carried out to inform sizing and 

conceptual design of the fences. The modelling has shown that the proposed 

fences would reduce the risk of loss of life to below tolerable limits.  
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1 Introduction 

Arup has been engaged by the Department of Infrastructure, Transport, Cities and 

Regional Development (DITCRD, previously Department of Regional 

Development and Cities (DIRDC)) to develop conceptual design debris flow 

models and rockfall mitigation measures at Flying Fish Cove, Christmas Island.  

1.1 Background 

Christmas Island sits in the Indian Ocean, approximately 2,600km northwest of 

Perth, Australia (Figure 1). Flying Fish Cove is located on the north-western tip of 

the island at the toe of a steep volcanic escarpment.  

The cove has been subject to frequent rockfall and debris flow events in recent 

years. Rockfall fences and earthen berms were constructed to protect the 

community and infrastructure however these were proven inadequate following 

several debris flow events between 2014 and 2017. Of note, was a significant 

rainfall event in 2017 that triggered major debris flows and led to the destruction 

of an existing rockfall fence. The debris flow blocked access to the public car park 

and to the Island’s sewage treatment plant and fuel storage facility. This event 

highlighted the need to reduce the landslide risk to the public.  

 

Figure 1  Site Location Map 

1.2 Previous Studies  

Slope instability at Flying Fish Cove has been the subject of numerous 

geotechnical assessments by multiple parties over the past 30 years.  

The most recent and comprehensive assessment of landslide hazards at Flying 

Fish Cove is a Quantitative Landslide Risk Assessment prepared by GHD in 2018 
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2 Site Description 

2.1 General 

Christmas Island is situated in the Indian Ocean, approximately 2,600km 

northwest of Perth, Australia. A site location plan is shown in Figure 1. Flying 

Fish Cove is positioned on the north-western tip of the island and contains key 

infrastructure for the island community including recreational, commercial, 

residential and educational facilities. A plan of Flying Fish Cove existing 

infrastructure is on Drawings CI-DM-0101 and CI-DM-0102. The descriptions 

provided below have been informed from a variety of sources, including site 

observations from Arup personnel in May 2019. 

2.2 Topography and drainage 

Flying Fish Cove forms an arcuate bay facing toward the northwest. From the 

shoreline, the cove topography is defined by a relatively flat and narrow area 

which varies in width from less than 10m in the west to about 100m in the east. 

Behind this flat coastal area the ground rises rapidly in a concave hill slope to 

about 180m above sea level. The upper part of the hill slope comprises very steep 

slopes generally in excess of 40° with many cliff elements in excess of 70°. The 

western part of the Cove is particularly steep and is comprised predominantly of 

cliffs.  

The slopes of the cove are densely vegetated; generally with mature trees, as is 

evidenced by the aerial imagery in Figure 3. 

There is very little evidence of any naturally occurring well-developed surface 

drainage channels. A few poorly developed preferred drainage lines may flow 

during periods of heavy rain.  

Bowden [3] noted that storm water drainage was being discharged from the 

Drumsite, a development located directly above the Boat Club car park. The 

position of the Drumsite relative to the Boat Club is indicated in Figure 3. There 

were also several springs observed at the toe of the cliffs. Since Bowden’s 2017 

report [3], a new storm water drainage system was installed at the Drumsite, 

effectively re-directing the storm water away from the slope. The Flying Fish 

Cove Harbour Master recently noted that the installation of the new storm water 

drainage has reduced the springs after a heavy rainfall (personnel communication 

15 May 2019). 
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Figure 3 - Drumsite Location 

2.3 Existing Assets 

Flying Fish Cove is lined by numerous buildings used for recreational, 

commercial, residential and educational activities as indicated in Figure 2. A 

number of utilities service the island community, including gas, electricity and 

water. The distribution of utilities across the site is shown on drawings CI-DM-

0101 and CI-DM-0102 in Appendix A.  

GHD [1] indicated that rockfall barriers were initially installed between 1995 and 

1999 in areas deemed to be at greatest risk of rockfall. The barriers were 

ultimately extended sometime after 2000 to stretch across the full extent of Flying 

Fish Cove. Earthen berms were also installed between 2000 and 2003 to provided 

additional protection from rockfall hazards.  

The general arrangement of the rockfall fences and earthen berms are illustrated in 

Figure 4. 
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Local Geology 

Detailed mapping of Flying Fish Cove geomorphology was carried out by Golder 

in 1995 and complimented by further mapping by Baynes in 2000 [5].  

The mapping indicates that Flying Fish Cove is predominantly underlain by 

limestone and volcanic dykes. The limestone is noted to generally dip toward the 

south-east at angles of up to 50° and is extensively faulted; fault trends are 

generally parallel and dip steeply out of the slope.  

Volcanic units, specifically trachyte and basalt, are part of the volcanic core of the 

Island, and are exposed in cliff bands on the upper slopes above the Cove. At the 

contacts between the volcanic units and limestone there is evidence of low-grade 

metamorphism.  

The ground surface of the slope is mantled with various superficial deposits 

(Baynes 2000, [5]):  

• Extensive areas of recent rockfall debris (gravel and boulders) derived from 

the actively degrading cliffs  

• Older un-cemented accumulations of rockfall debris on which soil has 

developed (talus) 

• Cemented slope deposits (colluvium)  

• Limestone – raised beach deposits (Beach rock) 

• Volcanic units – exposed on the upper cliff bands. 

2.5 Environment 

Christmas Island contains a number of environmental and heritage features that 

need to be considered during design and construction. A detailed assessment of 

the environmental issues has been undertaken and is presented in Appendix B. 
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The back-analysis were carried out to obtain the parameters required for the 

subsequent prediction modelling of landslides in the area within a similar 

geomorphological setting. Due to the insufficient information available, only three 

landslides were used for back analysis. These landslides coincide with cross 

sections 3, 5 and 6 shown in Figure 7. 

Figure 7 - Landslide back analysis source volumes and layout plan 

3.4.1 Data 

Key data sets used for debris mobility and rockfall modelling are: 

• GHD (2018) Flying Fish Cove, Christmas Island Quantitative Landslide Risk 

Assessment, Department of Infrastructure, Transport, Cities and Regional 

Development, and; 

• Airborne Laser Scanning, Digital Elevation Model (2018), Department of 

Infrastructure, Transport, Cities and Regional Development. 

3.4.2 Input parameters 

The main input parameters for the back-analysis include: 

• Source volume 

• Entrainment thickness (if presented) 

• Longitudinal profile 

• Channel cross sectional shape 

• Width variation along the longitudinal profile. 
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These parameters were extracted from the GHD report [1] and supplemented with 

the most current topographic data. Specific input parameters used for the three 

cross sections are described below and presented in Table 3.1 of Appendix C2. 

Landslide 3 – Basketball Court Landslide  

• Source volume of 1,250m³ (assume sheet of material 40 m (L) by 21m (W) by 

1.5m (D)) 

• Source area within talus 

• 27m³ of debris was recorded at the location of the existing rockfall fence, this 

volume was back-analysed to correlate against the volume of debris passing 

this point. 

Landslide 5 – 412 Landslide  

• Source volume of 40m³ (assume spoon shaped and 10m (L) by 5m (W) by 

1.5m (D)) 

• Source area within talus 

• About 25% of the debris (10m³) reached the rockfall fence at the slope toe 

with the rest being deposited on the slope above.  

Landslide 6 – Boat Club Landslide, 2017  

• Source Volume 2,000m³ (assume sheet of material 40m (L) by 25m (W) by 

2m (D)) 

• Source area within talus 

• Some flow impedance by existing fences but about 700m³ overtopped these 

and deposited in car park at toe. 

3.4.3 Results 

The results of the back analysis are presented in Appendix C2. It was observed 

that these landslides were open hillslope failures (up to 25m wide) with little to no 

entrainment. As such, frictional rheology was suggested for the debris mobility 

analysis for open hillslope failure.  

Back analysis of Landslides 3, 5 and 6 (which had largely unimpeded run-out) 

revealed basal friction angles of 31°, 32° and 26° respectively. Empirical reviews 

of debris travel distance and travel angle showed the mobility to be quite typical. 

3.5 Landslide Predictive Modelling 

Debris mobility modelling was carried out using DAN/W software to assess the 

potential impact the landslide hazards would have on the existing assets at the toe 

of the natural hillside. The debris mobility assessment was carried out for Sites A, 

B and E.  

Three cross sections have been generated based on the 2018 LiDAR survey DTM, 

namely Section A, Section B and Section E illustrated in Figure 8. ‘Observation 
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points’ were selected for each cross section to indicate the point at which the 

proposed debris flow barrier would be installed.  

 

Figure 8 - Landslide Predictive Modelling Sections 

3.5.1  Parameters for analysis 

Parameters adopted for the debris flow modelling are summarised in Appendix 

C3. All three landslides were modelled to reflect an open hillslope failure. A 

source volume of 2,000m3 was adopted to reflect an approximate 1 in 100 year 

event (refer Section 3.3). 

A friction angle of 29.5º has been adopted for the predictive analysis based on 

back analysis results.  

3.5.2 Results 

Three landslide predictive paths have been modelled at Site A, Site B and Site E. 

The results of which are presented in Appendix C3 and summarised below. 

Site A – Boat Club Car Park 

A debris mobility model was generated for Section A, indicated in Figure 8. The 

landslide source was taken from within the talus and an open hillslope failure was 

assumed. 

The predictive analysis model for a source volume of 2,000m3 suggests that the 

debris run-out of this failure would pass the observation point and has the 

potential to reach the boat club car park. A debris velocity of up to 6.3m/s was 

recorded at the observation point. The modelling results also show that the total 
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debris passing through the observation point could be approximately 123m³. An 

estimated energy of 4,629kJ was recorded. 

Site observations indicate that the 2017 event was a channelised debris flow 

however the event modelled above assumes an open hillslope failure. It is noted 

that if the model were to reflect a channelised flow, the velocities and debris 

volumes would likely be significantly higher. For reasons described in Section 

5.1, the likelihood of a channelised debris flow event is considered to be less 

likely given recent changes to site drainage. 

Site B – Marine Building 

A debris mobility model was generated for this catchment as indicated in Figure 

8. The landslide source was taken from within the talus and a volume of 2,000 m³ 

was adopted.  An open hillslope failure was assumed. 

The predictive analysis for this model suggests that the debris run-out of this 

failure will pass the observation point and has the potential to reach the Marine 

Building. A debris velocity of up to 6.1m/s was recorded at the observation point. 

The modelling results also show that the total debris passing through the 

observation point could be up to 130m³. An estimated energy of 4,679kJ was 

recorded.   

Site E – Madrassa / Shop Area 

A debris mobility model was generated for this catchment as indicated in Figure 

8Figure 8. The landslide source was taken from within the talus and a volume of 

2,000 m³ was adopted. An open hillslope failure was assumed. 

The predictive analysis for this model suggests that the debris run-out of this 

failure will pass the observation point and has the potential to reach the Madrassa 

/ Shop Area. A debris velocity of up to 6.1m/s was recorded at the observation 

point. The modelling results also show that the total debris passing through the 

observation point could be up to 195m³. An estimated energy of 6,825kJ was 

recorded. 

3.6 Rockfall Modelling 

Observations from the Arup site walkover in 2019 indicated blocks at the toe of 

the slope. The source of the rockfall was assessed to be the steep rock cliff at the 

top of the escarpment.  

Rockfall analysis has been carried out using the RocFall Version 4.0 (RocScience, 

2010) software programme.  

3.6.1 Parameters for analysis 

Parameters adopted for the rockfall analysis are presented in Table 3.1 Appendix 

C4. 
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Since the rock fragments along the rock cliffs identified within the hillside would 

likely be mobilised at the same time in the event of failure, line seeders with a 

combined volume of 3.5m³ was employed in the predictive models.   

3.6.2 Results 

The key findings of the rock fall assessment are summarised below and presented 

in Appendix C4. 

• Site A: One predictive model was analysed to simulate rockfalls from the rock 

cliff. The analysis indicated that the rock fragments could travel across the 

proposed mitigation measures location at the toe of the hillside and reached 

the toe facilities. The results suggested that rock fragments have a maximum 

velocity of 11.8m/s, a maximum kinetic energy of 938kJ and a maximum 

bounce height of 0.1 m. 

• Site B: Two predictive models were analysed to simulate rock falls from the 

lower rock cliff and higher rock cliff respectively. The analysis indicated that 

the rock fragments could travel across the proposed mitigation measures 

location at the toe of the hillside and reached the toe facilities. The worst case 

(from high cliff) suggested that rock fragments have a maximum velocity of 

22.7m/s, a maximum kinetic energy of 2932kJ and a maximum bounce height 

of 3.6 m.  

• Site E: One predictive model was analysed to simulate rock falls from the rock 

cliff. The analysis indicated that the rock fragments could travel across the 

proposed mitigation measures location at the toe of the hillside and reached 

the toe facilities. The results suggested that rock fragments have a maximum 

velocity of 8.7m/s, a maximum kinetic energy of 527kJ and a maximum 

bounce height of 0.2 m. 
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5 Mitigated Landslide Risk Assessment 

The GHD landslide risk assessment was reviewed and modified to inform a 

revised risk assessment considering the proposed design.  

5.1 Site A Considerations 

5.1.1 Probability of Landslide Occurrence  

Boat Club Fence 

The 2016 and 2017 debris flows at the Boat Club were described by Bowden [3] 

as channelised debris flows. It is likely that the channelised nature was in part 

caused by the increased storm water run-off from the Drumsite development 

located at the crest of the slope. The Drumsite had been undergoing incremental 

development since the early 2000s, gradually increasing the volume of storm 

water run-off on to the slope. It can be surmised that the sudden occurrence of 

channelised debris flows in this area were in part caused by the gradual increase 

of storm water flow on to the slope directly above the Boat Club. 

Following the 2017 Boat Club landslide, it was recognised that the storm water 

drainage at the Drumsite was a partial contributor to triggering the landslide. The 

Drumsite drainage was subsequently upgraded to ensure surface water was re-

directed away from the slope. Conversations with the Harbour Master during the 

Arup site visit at Flying Fish Cove confirmed that several springs once known to 

flow from the toe of the cliff crest are no longer active following the re-direction 

of the storm water  

Noting that the introduction of surface water to the slope was a likely contributor 

to the 2016 and 2017 Boat Club landslides, it is plausible that by removing the 

surface water flow, the likelihood of a channelised debris flow would also be 

reduced and any future events would adopt an open hillslope flow. 

Marine 2 Fence 

The 1935 landslide is the only recorded debris flow event to have occurred at 

Marine 2 Fence location. Due to the limited quality of information for this event, 

there is some uncertainty as to its exact position on the slope. There is no record 

of an extremely large landslide occurring at this fence since records commenced 

in 1895. As such, the probability that an ‘extremely large’ event would occur is 

reduced. 

5.1.2 Source 

Boat Club Fence 

Bowden [3] recognised that the 2016 and 2017 landslides occurred within the 

talus material. A significant volume of talus was transported during these events. 

Whilst it is recognised that a significant volume of talus still remains on the slope, 
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the sheer magnitude of material transported previously would have somewhat 

depleted the availability of source material. 

Marine 2 Fence 

Limited history of debris flows in the area suggest that there is still ample source 

material for a debris flow to occur. 

5.1.3 Temporal Probability 

Boat Club Fence and Marine 2 Fence 

The GHD Report [1] assumed that on a typical day, any person may spend up to 2 

hours in the car park, near the retaining wall. The AGS [6] stipulates that the risk 

assessment should be for the individual most at risk. It is unlikely that a single 

person would spend 2 hours every day (or 14 hours a week) in the car park.  

AGS stipulates that larger populations should be assessed as Societal Risk.  

5.1.4 Spatial Probability  

Boat Club Fence and Marine 2 Fence 

The Boat Club car park is approximately 150m long. The QRA suggests that a 

very large debris flow would cover an area of 25m and an extremely large debris 

flow would cover an area of 50m. Whilst these distances are realistic, it means 

that the person most at risk would spend approximately 40% of their time in the 

impact zone of a landslide. Currently the GHD QRA [1] conservatively assumes 

that there is 100% chance that the individual would be in the impact zone.  

5.1.5 Vulnerability 

Boat Club Fence and Marine 2 Fence 

The Boat Club car park could be broken in to two areas; near the retaining wall 

and, more than 10m away from the retaining wall. The vulnerability of an 

individual standing more than 10m away from the retaining wall could be up to 

50% less than someone standing next to the retaining wall. Currently the 

vulnerability rating for an individual is 1.0. Considering the variation in distance 

from the retaining wall, a combined vulnerability of 0.75 could be feasible. 

5.1.6 Mitigated Risk of Loss of Life 

The proposed new fences described in Table 7 are designed for a 2,000m3 event 

overland flow event which is estimated to coincide with an approximate 1 in 100 

year event (10-2) and brings the risk of loss of life to below tolerable limits.  

The risk of loss of life has been reviewed for Site A based on a ‘very large’ open 

hillslope failure and the mitigation measures proposed in Table 6 are estimated to 

reduce the risk of loss of life to below tolerable limits. 
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Extreme events such as the 2017 Boat Club landslide with 700m3 material 

transported to the toe are not practical to retain and the fence would be 

overtopped. Given the discussion above, it is clear that a notable amount of 

conservatism has been incorporated in to the risk assessment of loss of life at Site 

A and as such, the risk of an extremely large debris flow would be below the 

tolerable limit of 10-5/annum. 

5.2 Site B  

The general configuration and drainage at Site B has been largely unchanged 

since the GHD QRA [1] was conducted. A review of the QRA indicates that the 

spatial probability, temporal probability and vulnerability are all relatively 

unchanged.  

5.2.1 Probability of Landslide Occurrence  

As discussed in Section 1, there is no record of an extremely large landslide 

occurring at Flying Fish Cove since records commenced in 1895. As such, the 

probability that an ‘extremely large’ event would occur is reduced. 

5.2.2 Mitigated Risk of Loss of Life 

The risk of loss of life has been reviewed for Site B based on the new mitigation 

measures proposed in Table 7. These measures are estimated to reduce the 

likelihood and vulnerability of the elements significantly, ultimately reducing the 

risk of loss of life to below tolerable limits.  

The design would not mitigate against an extremely large debris flow as this is not 

considered practical given there is no record of an event this size since records 

began in 1895. The proposed 5000 kJ fence would provide some mitigation 

should such an event occur and give those at risk some time to egress the site. 

5.3 Site E 

The general configuration and drainage at Site E has been largely unchanged since 

the GHD QRA [1] was conducted. A review of the QRA indicates that the spatial 

probability, temporal probability and vulnerability are all relatively unchanged.  

5.3.1 Probability of Landslide Occurrence  

As discussed in Section 1, there is no record of an extremely large landslide 

occurring at Flying Fish Cove since records commenced in 1895. As such, the 

probability that an ‘extremely large’ event would occur is reduced. 

Site E comprises the Madrassa and Shop, as illustrated in Figure 2. A review of 

the 2018 Digital Terrain Model and site observations suggest that there is 

insufficient material directly above the Shop to enable a ‘very large’ or ‘extremely 

large’ debris flow. The risk of debris flow for Site E is interpreted to be behind the 

Madrassa.  
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5.3.2 Mitigated Risk of Loss of Life 

The risk of loss of life has been reviewed for Site E based on the new mitigation 

measures proposed in Table 7. These measures are estimated to reduce the 

likelihood and vulnerability of the elements significantly, ultimately reducing the 

risk of loss of life to below tolerable limits.  

The design would not mitigate against an extremely large debris flow as this is not 

considered practical given there is no record of an event this size since records 

began in 1895. The proposed 8600 kJ fence would provide some mitigation 

should such an event occur and give those at risk some time to egress the site. 

The proposed mitigation design is for a partial replacement of the CI Club Fence 

and 10m extension west to overlap with Fence 408. As discussed above, the risk 

of landslides developing behind the Shop is considered to be low given the limited 

availability of source material. There is a gap between the existing CI Club Fence 

and Fence 408 that could provide a flow path for future debris flows. The 

proposed mitigation is to bridge this gap with the new fence. 
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6 Other Works 

6.1 Drainage Works 

The proposed debris flow / rockfall fences are to be constructed within the 

footprint of the existing fences which does not increase the existing impervious 

area. As there is no increase in the impervious area, upgrade to the existing 

drainage network is not required. Sediment and Erosion Control measures must be 

put in place during construction to protect the existing storm water system. 

6.2 Access and Ongoing Maintenance  

Permanent access to the debris flow / rockfall fences is required to facilitate future 

maintenance of all proposed mitigation works. A gated permanent ramp is 

proposed on the western end of the site to allow access with a skid steer and/or 

ATV for the purpose of monitoring, repairs or removal of debris. ‘Turn around’ 

areas along the length of the fence will also be allowed to make plant access and 

clean out operations easier.  

Maintenance of the proposed mitigation works should be carried out in 

accordance with the supplier guidelines and a detailed asset management plan 

(incorporating the supplier maintenance plans updated to suite the new flexible 

barrier make and model) which aligns with the island wide strategic asset 

management plan should be prepared to assist with funding allocation for ongoing 

maintenance. 

It is recommended that spare fence parts are kept on Christmas Island in case 

emergency maintenance works are required and that a monitoring and alert system 

is implemented to prewarn the community of potential landslide events. 
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1 Background and scope 

Arup has been engaged by the Department of Infrastructure, Transport, Cities and 

Regional Development (DITCRD) to design conceptual landslide mitigation to 

reduce the risk to acceptable levels for specific sites at Flying Fish Cove, 

Christmas Island. The purpose of this Environment and Heritage Approvals 

Scoping Report (EHASR) is to: 

• Provide a desktop and site review of the environmental constraints at the sites 

which may impact the repair, replacement and upgrade works; 

• Identify any approvals and additional assessments required likely to be 

required, and; 

• Provide a review of the environmental and heritage impacts of the concept 

design, with recommended mitigation measures to be considered in future 

project phases. 

This report does not provide a legal opinion of the applicability of specific 

legislation and the triggering of associated approvals. The recommendations are 

based on Arup’s interpretation of available materials, legislation and information 

provided. 

  

FOI 26-292 - Document 20.1

R
el

ea
se

d 
un

de
r t

he
 F

re
ed

om
 o

f I
nf

or
m

at
io

n 
Ac

t 1
98

2 
by

 th
e 

D
ep

ar
tm

en
t o

f  
In

fra
st

ru
ct

ur
e,

 T
ra

ns
po

rt,
 R

eg
io

na
l D

ev
el

op
m

en
t, 

C
om

m
un

ic
at

io
ns

, S
po

rt 
an

d 
th

e 
Ar

ts



  

Department of Infrastructure, Transport, Cities & Regional 
Development 

Flying Fish Cove, Christmas Island Landslide Mitigation 
Environmental and Heritage Approvals Scoping Report 

 

  | Final Issue | 15 July 2019 | Arup 

\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\268000\268575-00 IOT FFC SLOPE\WORK\INTERNAL\DESIGN\ENVIRONMENTAL\ENVIRONMENT AND HERITAGE 

APPROVALS SCOPING REPORT\268575-ENV-REP-001_FINAL ISSUE.DOCX 

Page 3 

 

2 Project description 

Christmas Island sits in the Indian Ocean, approximately 2,600km northwest of 

Perth, Australia. Flying Fish Cove sits is located on the north-western tip of the 

island at the toe of a steep volcanic escarpment. The cove has been subject to 

frequent rockfall debris flow events. Rockfall fences and earthen berms were 

constructed to protect the community and infrastructure however these were 

proven inadequate following several debris flow events between 2014 and 2017 

(Figure 1). Of note, was a significant rainfall event in 2017 that triggered major 

debris flows and led to the destruction of an existing rockfall fence and impact to 

a public car park. This event highlighted the need to reduce the landslide risk to 

the public. 

Previous studies identified an unacceptable level of landslide risk, requiring 

addition mitigation to reduce the risk to acceptable levels for the following sites: 

• Site A: Boat club carpark;  

• Site B: Marine building, and; 

• Site E: Madrasa School. 

An options assessment carried out by Arup in 2019 assessed a range of criteria, 

including risk reduction and cost, to conclude that the preferred mitigation option 

for Sites A, B and E would be a flexible barrier 

The proposed mitigation design is for new flexible barriers to be installed at Sites 

A, B and E. This mitigation measure was selected as the preferred option by Arup 

in the Flying Fish Cove Landslide Mitigation Options Assessment (2019. The 

existing rockfall fences would need to be removed to allow installation of the new 

flexible barriers, with the new barriers occupying a similar footprint as the current 

rockfall fences). 

Flexible barriers require ongoing maintenance and as such require vehicle access. 

Whilst access can be maintained by the current conditions at Site E, Site A and B 

remain relatively inaccessible owing to the natural terrain. A new access track is 

therefore recommended at the western end of Site A. 
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3 Methodology  

The information used in preparing this report included the following activities: 

• Searches of a number of relevant mapping, databases and registers maintained 
by various government agencies to identify any specific details which may 
trigger the need for a statutory approval, a technical assessment to support an 
application for such approval or a requirement to be considered in developing 
the concept design for the proposed works; 

• Desktop review of previous reports completed for the site; 

• Desktop review of publicly available information of existing development 
approvals for the site; 

• Desktop review of relevant State, regional and local government legislation to 
identify necessary approvals for the proposed works, and; 

• Site visit and walkover by an Arup ecologist on  

Desktop sources and searches were used to inform this report, including databases 

and online search tools to identify anticipated existing conditions, these include: 

• Environmental Protection and Biodiversity Conservation Act 1999 (EPBC 

Act) Protected Matters Search Tool (PMST) database search, accessed 10 May 

2019; 

• Christmas Island Vegetation and Clearing Dataset (Geoscience Australia, 

2014); 

• Atlas of Living Australia database, accessed 10 May 2019, and; 

• Australia Heritage Database 
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4 Environmental and heritage conditions 

4.1 Topography 

Flying Fish Cove forms an arcuate bay facing toward the northwest. From the 

shoreline, the cove topography is defined by a relatively flat and narrow area 

which varies in width from less than 10m in the west to about 100m in the east. 

Behind this flat coastal area the ground rises rapidly in a concave hill slope to 

about 180m above sea level. The upper part of the hill slope comprises very steep 

slopes generally in excess of 40° with many cliff elements in excess of 70°. The 

western part of the Cove is particularly steep and is comprised predominantly of 

cliffs.  

4.2 Water and marine 

There is very little evidence of any well-developed surface drainage channels. A 

few poorly developed preferred drainage lines may flow during periods of heavy 

rain. Due to the steepness of the terrain there are no defined waterways that 

traverse the project area.  During periods of intense rainfall there will be 

concentrated runoff in certain areas along the slope. 

The adjacent marine environment of Flying Fish Cove includes a shallow fringing 

reef that provides high level of diversity for marine species.  There is a small area 

of narrow, sandy beach adjacent to the foreshore infrastructure, however nesting 

resourcing for turtles are very limited due to the constructed, hard edges on the 

rock walls. 

4.3 Biodiversity 

Protected area 

The Christmas Island National Park covers the majority of the island, however it 

excludes areas where mining, industrial and residential land uses dominate.  The 

national park is Commonwealth Reserve, and the boundary of this park is not 

located within the project area for the fence replacement works.  

Vegetation and flora 

The vegetation communities within the project area consist predominantly of 

regrowth native vegetation, weed dominated edges and landscaped and informal 

agricultural areas (Figure 2). The vegetation structure is highly influenced by 

previous clearing in the area, and impacts associated with edge effects and weed 

incursion. The vegetation is also actively managed by slashing and clearing within 

the footprint of the current rock fall fences as part of required management.  

Further up the slope, more intact native vegetation communities are present. The 

vegetation on the lower escarpment, adjacent to the project area consists mostly of 

semi-deciduous forest and scrub. This is consistent with the shallow soils on the 

steeper escarpments on Christmas Island.   
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The majority of the vegetation that will be impacted by the installation of the new 

flexible barriers is regrowth or weed dominated communities.  There are some 

areas within the footprint of the works for Site A (including the access track) and 

Site E, where there are patches of semi-deciduous forest and scrub.  Further 

upslope the vegetation community becomes more intact and dominated by native 

species.  

Fauna and habitats 

Within the likely project area footprint, habitat values for threatened fauna are 

considered low due to the levels of disturbance from edge effects and weeds.   

During field surveys, the following threatened bird species, listed under the EPBC 

Act were directly observed or heard through calls: 

• Christmas Island Thrush Turdus poliocephalus erythropleurus 

• Christmas Island Hawk-owl Ninox natalis 

• Christmas Island Emerald Dove Chalcophaps indica natalis 

As well as the species that were directly observed, there is also suitable habitat for 

a wide range of common and threatened species within and adjacent to the project 

footprint. 

No threatened flora species were observed during the site visit and the habitat for 

the potential EPBC Act listed flora species is limited.  Threatened flora on 

Christmas Island are more likely to be found in areas of primary rainforest. 

Further up the slope and escarpment, outside of the project area there is a colony 

of Red-footed Booby, however these will not be directly impacted by the 

proposed options. 

During migration season for the Red Crabs Gecarcoidea natalis, it is likely that 

the species will move down the escarpment to reach the cove.  The proposed 

upgraded flexible barriers are unlikely to cause a permanent barrier for Red Crab 

migration, as they can move through, over and around the fences.  During detailed 

design it is recommended that opportunities to improve the permeability of the 

fences for Red Crabs is considered, provided these measures do not compromise 

the function of the fences at mitigating landslide and rock fall risk. 
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5 Legislative framework 

5.1 Statutory context 

Christmas Island is a territory of the Commonwealth Government, with some 

elements of Western Australian environmental and heritage legislation being 

applicable Commonwealth legislation considered in this assessment includes the 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), 

which provides for the regulation of the environmental impacts of actions on 

matters of national environmental significance (MNES). 

The Island is governed by Commonwealth law and administered by the DITCRD. 

However, under the Applied Laws (Implementation) Ordinance 1992 laws passed 

by the Western Australian parliament are applied on Christmas Island, along with 

the body of Commonwealth law that applies elsewhere in Australia. Applied 

Western Australian laws are administered by the relevant Commonwealth 

Minister, by Commonwealth officers acting under ministerial delegations or by 

State officers exercising delegated power and acting pursuant to 

intergovernmental agreements. 

A review of these approvals, permits, self-assessment and compliance are outlined 

in Table 2. 
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Appendix C 

Debris Flow and Rockfall 

Analysis 
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C1 Landslide Magnitude Frequency 

Assessment 
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C2 Landslide Back Analysis 
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1

1.0

2.0

2.1

2.2

-

-

-

-

-

- For a Voellmy Rheology analysis, both the Friction Coefficient (dimensionless) and Turbulence

Coefficient (m/s²) are variable parameters

-

-

2.3

2.4

Cross-sectional profiles have been determined based on Field Mapping Data

0

No termination criteria was applied to the model and it was allowed to run until the debris had ceased to move as a 

result of its own properites.

The rheology is defined by the landslide or hazard type. An Open Hillside Landside (OHL) will be modelled using a 

'Frictional' rheology whereas Debris Flow (DF) with TD catchment and Channelised Debris Flow (CDF) within CD 

catchment will be modelled using a 'Voellmy' rheology. 

The parameters specified in the Material Properties table are defined by the rheological model used. Friction Angle 

only applies to Frictional models. Friction Coefficient, Turbulence Coefficient and Erosion Depth only apply to 

Voellmy models. 

Back Analysis 

In the back-analysis, the variable are material friction coefficient, turbulence coefficient and entrainment thickness. 

Material Properties 

Assumptions for DAN-W Software

The material unit weight has been assumed to be 19 kN/cu.m for all analysis

The material internal friction angle has been assumed to be 35 degrees for all analysis 

The pore pressure coefficient (Ru) has been set as zero for all analysis

For a Frictional Rheology analysis, the only variable is the Friction Angle

A cross-sectional shape factor of 0.67 has been appied to represent flow along a non-circular channel

The material friction coefficient has been back-analysed

JOB TITLE: Christmas Island Debris Flows

JOB NUMBER: 268575 SHEET DESCRIPTION: Analysis Introduction and Description
Sheet No.:

INTRODUCTION

The critical section(s) for the analysis were identified based on detailed field mapping. The debris flow length, 

width, inclination and runout profile were estimated based on field mapping records.

Checked: AC Approved: JY Revision:

METHOD OF ANALYSES

DAN-W Software

The analysis has been carried out using the computer programme DAN/W developed by O. Hungr Geotechnical 

Research Inc. This is a windows based programe used to model post failure motion of rapid landslides. It implements 

a Lagrangian solution of the equations of motion for a mass of earth material which starts from a prescribed static 

configuration and flows according to one of several rheological relationships.

The mobility of potential landslides within the study area has been assessed based on the hazard models generated 

and the predicted Design Events for each catchment.

Date: June 2019 Drawn: MS
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DNW-OUTPUT- Section 3.TXT

DAN-W Release 10 
 File: \\HKGNTS22\geo\Actual Job\OC1185\11-00 Calculations\02 - DANW\DAN-W 

Model\Back analysis\Section3_revise.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: 3 - Basketball Court Landslide
 Input By: MS

 Date: 6/19/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 31.00
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 28.26 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 185.46

 Curvilinear Displ.= 128.38
 Horiz. Displ. = 112.39

REAR (final position):
 Horiz. Location= 63.43

 Curvilinear Displ.= 41.33
 Horiz. Displ. = 30.43

CENTRE OF GRAVITY:
 X-Source = 53.88
 Z-Source = 78.57
 X-Depos. = 135.79
 Z-Depos. = 25.76
 CG Ratio = 0.64

 Travel angle = 32.81
 FAHRBOSCHUNG = 31.01

   Maximum velocity = 12.95 at X = 148.94
   Maximum front velocity = 12.95 at X = 148.94

SLIDE VOLUME:
 Initial = 1256.37

 Final = 1256.37

Page 1

DNW-OUTPUT- Section 3.TXT

AREA IN PLAN:
 Initial = 841.29

 Final = 1994.77

LENGTH:
 Initial = 52.24

 Final = 139.29

MAXIMUM THICKNESS:
 Initial = 2.14

 Final = 1.57

 Runout not completed, V-MAX = 0.41

Page 2
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DNW-OUTPUT- Section 5.TXT

DAN-W Release 10 
 File: \\Hkgnts22\geo\Actual Job\OC1185\11-00 Calculations\02 - DANW\DAN-W 

Model\Section5.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: 5 - 412 Landslide
 Input By: MS

 Date: 5/3/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 32.10
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 49.18 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 212.31

 Curvilinear Displ.= 228.39
 Horiz. Displ. = 175.80

REAR (final position):
 Horiz. Location= 166.20

 Curvilinear Displ.= 188.74
 Horiz. Displ. = 139.39

CENTRE OF GRAVITY:
 X-Source = 30.86
 Z-Source = 141.31
 X-Depos. = 179.26
 Z-Depos. = 17.12
 CG Ratio = 0.84

 Travel angle = 39.92
 FAHRBOSCHUNG = 36.58

   Maximum velocity = 18.45 at X = 83.80
   Maximum front velocity = 18.45 at X = 83.80

SLIDE VOLUME:
 Initial = 44.66

 Final = 44.66

Page 1

DNW-OUTPUT- Section 5.TXT

AREA IN PLAN:
 Initial = 58.26

 Final = 308.61

LENGTH:
 Initial = 11.46

 Final = 51.11

MAXIMUM THICKNESS:
 Initial = 1.53

 Final = 0.44

 Runout not completed, V-MAX = 0.42

Page 2
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DNW-OUTPUT- Section 6.TXT

DAN-W Release 10 
 File: \\Hkgnts22\geo\Actual Job\OC1185\11-00 Calculations\02 - DANW\DAN-W 

Model\Section6.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: 5 - 412 Landslide
 Input By: MS

 Date: 5/3/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 26.10
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 43.21 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 191.13

 Curvilinear Displ.= 133.88
 Horiz. Displ. = 121.13

REAR (final position):
 Horiz. Location= 48.17

 Curvilinear Displ.= 27.19
 Horiz. Displ. = 18.17

CENTRE OF GRAVITY:
 X-Source = 47.55
 Z-Source = 65.27
 X-Depos. = 128.89
 Z-Depos. = 21.34
 CG Ratio = 0.54

 Travel angle = 28.37
 FAHRBOSCHUNG = 27.18

   Maximum velocity = 12.47 at X = 140.55
   Maximum front velocity = 12.47 at X = 140.55

SLIDE VOLUME:
 Initial = 2005.44

 Final = 2005.44

Page 1

DNW-OUTPUT- Section 6.TXT

AREA IN PLAN:
 Initial = 1000.00

 Final = 2956.41

LENGTH:
 Initial = 50.99

 Final = 157.68

MAXIMUM THICKNESS:
 Initial = 3.40

 Final = 1.56

 Runout not completed, V-MAX = 0.49

Page 2
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Department of Infrastructure, Transport, Cities & Regional 
Development 

Flying Fish Cove, Christmas Island
Landslide Mitigation

 

Report Ref: 268575  | Final | 15 July 2019 | Arup 

\\GLOBAL.ARUP.COM\AUSTRALASIA\BNE\PROJECTS\268000\268575-00 IOT FFC SLOPE\WORK\INTERNAL\DESIGN\GEOTECH\CONCEPT 

DESGIN\01_REPORT\190628 FFC CONCEPT REPORT FINAL.DOCX 
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C3 Landslide Predictive Analysis 
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268575

Forward Analysis of Landslides in Christmas Island Initial

Mike Sham MS

Arthur Cheung AC

Jack Yiu JY

June 2019

Material Properties

Rev. Date Made by Check

June 

2019

0

3.1

2.2

2.3

3.0

2.4

REVISIONS:

3.2

Annex A

3Details of Analysis Results
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1

1

2

Back Analysis vs. Predictive Approach

DEBRIS MOBILITY ANALYSIS

Assumptions for DAN-W Software

1

Sheet No.

1

1

1

2

MADE BY

CHECKED BY

DATE

Section

1.0

APPROVED BY

CONTENTS OF SPREADSHEET

INTRODUCTION

Description

CALCULATION SHEET -                                               

DAN-W DEBRIS FLOW ANALYSIS         

Ove Arup & 

Partners Hong 

Kong Ltd.

REPORT TITLE

Christmas Island Debris FlowsJOB TITLE

JOB NUMBER

METHOD OF ANALYSES

DAN-W Software

2.0

2.1

Summary of Analysis Input Parameters and Results

 Description

0

ACMS

Current Revision: 
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1

1.0

2.0

2.1

2.2

-

-

-

-

-

- For a Voellmy Rheology analysis, both the Friction Coefficient (dimensionless) and Turbulence

Coefficient (m/s²) are variable parameters

-

-

2.3

2.4

Cross-sectional profiles have been determined based on Field Mapping Data

0

No termination criteria was applied to the model and it was allowed to run until the debris had ceased to move as a 

result of its own properites.

The rheology is defined by the landslide or hazard type. An Open Hillside Landside (OHL) will be modelled using a 

'Frictional' rheology whereas Debris Flow (DF) with TD catchment and Channelised Debris Flow (CDF) within CD 

catchment will be modelled using a 'Voellmy' rheology. 

The parameters specified in the Material Properties table are defined by the rheological model used. Friction Angle 

only applies to Frictional models. Friction Coefficient, Turbulence Coefficient and Erosion Depth only apply to 

Voellmy models. 

Back Analysis 

In the back-analysis, the variable are material friction coefficient, turbulence coefficient and entrainment thickness. 

Material Properties 

Assumptions for DAN-W Software

The material unit weight has been assumed to be 19 kN/cu.m for all analysis

The material internal friction angle has been assumed to be 35 degrees for all analysis 

The pore pressure coefficient (Ru) has been set as zero for all analysis

For a Frictional Rheology analysis, the only variable is the Friction Angle

A cross-sectional shape factor of 0.67 has been appied to represent flow along a non-circular channel

The material friction coefficient has been back-analysed

JOB TITLE: Christmas Island Debris Flows

JOB NUMBER: 268575 SHEET DESCRIPTION: Analysis Introduction and Description
Sheet No.:

INTRODUCTION

The critical section(s) for the analysis were identified based on detailed field mapping. The debris flow length, width, 

inclination and runout profile were estimated based on field mapping records.

Checked: AC Approved: JY Revision:

METHOD OF ANALYSES

DAN-W Software

The analysis has been carried out using the computer programme DAN/W developed by O. Hungr Geotechnical 

Research Inc. This is a windows based programe used to model post failure motion of rapid landslides. It implements 

a Lagrangian solution of the equations of motion for a mass of earth material which starts from a prescribed static 

configuration and flows according to one of several rheological relationships.

The mobility of potential landslides within the study area has been assessed based on the hazard models generated 

and the predicted Design Events for each catchment.

Date: June 2019 Drawn: MS
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DNW-OUTPUT_Section A.TXT

DAN-W Release 10 
 File: G:\Actual Job\268575\11-00 Calculations\02 - DANW\DAN-W Model\DTM 

topo\20190624 2000m3 source volume\SectionA_29.5deg.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: Section A
 Input By: MS

 Date: 6/24/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 29.50
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 35.49 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 139.82

 Curvilinear Displ.= 81.34
 Horiz. Displ. = 72.52

REAR (final position):
 Horiz. Location= 25.24

 Curvilinear Displ.= 4.52
 Horiz. Displ. = 2.91

CENTRE OF GRAVITY:
 X-Source = 42.11
 Z-Source = 54.43
 X-Depos. = 73.96
 Z-Depos. = 35.96
 CG Ratio = 0.58

 Travel angle = 30.11
 FAHRBOSCHUNG = 28.89

   Maximum velocity = 8.12 at X = 95.90
   Maximum front velocity = 8.12 at X = 95.90

SLIDE VOLUME:
 Initial = 2007.39

 Final = 2007.39

Page 1

DNW-OUTPUT_Section A.TXT

AREA IN PLAN:
 Initial = 674.60

 Final = 1734.85

LENGTH:
 Initial = 53.98

 Final = 130.79

MAXIMUM THICKNESS:
 Initial = 4.58

 Final = 2.11

 Runout not completed, V-MAX = 0.05
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DNW-OUTPUT_Section B.TXT

DAN-W Release 10 
 File: G:\Actual Job\268575\11-00 Calculations\02 - DANW\DAN-W Model\DTM 

topo\20190624 2000m3 source volume\SectionB_29.5deg.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: Section B
 Input By: MS

 Date: 6/24/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 29.50
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 68.35 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 222.09

 Curvilinear Displ.= 58.51
 Horiz. Displ. = 52.49

REAR (final position):
 Horiz. Location= 127.71

 Curvilinear Displ.= 5.16
 Horiz. Displ. = 3.11

CENTRE OF GRAVITY:
 X-Source = 145.53
 Z-Source = 43.18
 X-Depos. = 173.28
 Z-Depos. = 26.83
 CG Ratio = 0.59

 Travel angle = 30.51
 FAHRBOSCHUNG = 28.82

   Maximum velocity = 8.88 at X = 196.94
   Maximum front velocity = 8.88 at X = 196.94

SLIDE VOLUME:
 Initial = 2001.64

 Final = 2001.64

Page 1

DNW-OUTPUT_Section B.TXT

AREA IN PLAN:
 Initial = 675.00

 Final = 1424.11

LENGTH:
 Initial = 54.89

 Final = 108.24

MAXIMUM THICKNESS:
 Initial = 4.14

 Final = 1.87

 Runout not completed, V-MAX = 0.01
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DNW-OUTPUT_Section E.TXT

DAN-W Release 10 
 File: G:\Actual Job\268575\11-00 Calculations\02 - DANW\DAN-W Model\DTM 

topo\20190624 2000m3 source volume\SectionE_29.5deg.DNW

 Project: Christmas Island Debris Flow Study
 Data Set: Section E
 Input By: MS

 Date: 6/24/2019

Vertical slices

MATERIAL 1:
 Name: 1.00

 Rheology: Frictional
 Unit Weight: 19.00

 Friction Angle: 29.50
 Pore Pressure Coeff., Ru: 0.00

 Erosion Depth: 0.00
 Internal Friction Angle: 35.00

 No of Blocks = 50
  Time step = 0.001 seconds

  End at time = 22.48 seconds
  Configuration =  3 dimensional

 Boundary Block Geometry = Vertical
 Shape factor = 0.67

FRONT (final position):
 Horiz. Location = 173.16

 Curvilinear Displ.= 87.68
 Horiz. Displ. = 80.16

REAR (final position):
 Horiz. Location= 84.01

 Curvilinear Displ.= 52.07
 Horiz. Displ. = 36.01

CENTRE OF GRAVITY:
 X-Source = 66.96
 Z-Source = 60.43
 X-Depos. = 121.98
 Z-Depos. = 27.49
 CG Ratio = 0.60

 Travel angle = 30.90
 FAHRBOSCHUNG = 30.66

   Maximum velocity = 10.13 at X = 105.23
   Maximum front velocity = 9.59 at X = 120.84

SLIDE VOLUME:
 Initial = 2007.11

 Final = 2007.11

Page 1

DNW-OUTPUT_Section E.TXT

AREA IN PLAN:
 Initial = 675.00

 Final = 1342.62

LENGTH:
 Initial = 62.34

 Final = 97.95

MAXIMUM THICKNESS:
 Initial = 5.28

 Final = 2.89

 Runout not completed, V-MAX = 0.09
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Rock Fall Assessment Initial
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Jack Yiu JY
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0 24/06/19 MS AC

Rev. Date
Calculated           

by
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by  Description

3

ROCFALL ANALYSIS

Summary of Input Parameters3.1

Assumptions for RocFall Software

2.3 Maximum Values/Data Collectors 2

Sheet No.

1

Draft Submission

4 to 7Details of RocFall Analysis Along Section Line

0

Summary of Results 8

1

1

METHOD OF ANALYSIS

RocFall Software

2

3

CALCULATED BY

CHECKED BY

DATE

Section

1.0

APPROVED BY

CONTENTS OF SPREADSHEET

INTRODUCTION

Description

CALCULATION SHEET -                                               

RocFall ANALYSIS         

REPORT TITLE

Flying Fish Cove, Christmas Island Slope StabilityJOB TITLE

JOB NUMBER

8SUMMARY OF ROCFALL ANALYSIS4.0

4.1

5.0 CONCLUSIONS 9
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2.1

3.2

REVISIONS Current Revision: 
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2

2.2

-

-

-

-

-

-

-

2.3

-

-

There is no restriction on the number of data collectors or where they can be placed. Data collectors are optional and 

can be added to RocFall analysis to indicate the rock/boulder fall data at the rockfall barrier for reference purpose.

Each rock/boulder is modelled as a particle.

The particle is an infinitesimal circle.

JOB TITLE: Flying Fish Cove, Christmas Island Slope Stability

JOB NUMBER: 268575 SHEET DESCRIPTION:
Introduction and Methodology for             

RocFall AnalysisSheet No.:

Date: June 2019
Prepared 

by:
MS

Checked 

by:

Approved 

by:
JY Revision: 0

Assumptions for RocFall Analysis

AC

Maximum Values/Data Collectors

A "data collector" is a line segment that gathers information about the rocks/boulders that pass through the data 

collector while the rocks/boulders are being thrown down the slope. "Data collectors" record the velocity, kinetic 

energy and bounce height of all rocks/boulders that pass through the data collector as they travel down the slope. 

Data collectors can be added onto the slope profile to determine such information at specified locations without 

altering the rock/boulder fall trajectory down slope. 

There is no interaction between particles, only with slope segments and barriers.

The mass of the particle is determined at the beginning of the stimulation and stays constant throughout 

the simulation. That is the rock cannot split into multiple pieces during the simulation.

1000 iterations are carried out for each analysis for a reasonable result based on probability.

Rock/boulder fall initiation point was input using the 'line seeder' function in order to indicate 

rock/boulder falls within those zones / clusters identified as having potential for instability.

The friction angle of the slope segment is assumed to be 30
o
.

For each analysis the following values will be indicated along the trajectory of the rocks/boulders: 

Global maximum value indicates the overall highest value for a given output parameter. 

Global Maximum

Data Collector at the rockfall barrier (DC1) Maximum
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3

3.0

3.1

Section A
Section B - 

High Cliff

Section B - 

Low Cliff
Section E

A B B E

Line Line Line Line

A-L1 B-L1 B-L2 E-L1

Date: June 2019
Prepared 

by:
MS

Checked 

by:
AC

JOB TITLE: Flying Fish Cove, Christmas Island Slope Stability

JOB NUMBER: 268575 SHEET DESCRIPTION: Input Parameters for RocFall Analysis
Sheet No.:

Approved 

by:
JY Revision: 0

10,000 10,000

Summary of Input Parameters

RocFall ANALYSIS
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4.0

4.1

Section A
Section B - 

High Cliff

Section B - 

Low Cliff
Section E

A B B E

Line Line Line Line

A-L1 B-L1 B-L2 E-L1

Yes Yes Yes Yes

245 

2,389 

20.5 

8.2 

1,266 

13.7 

1.3 

174 

2,102 

18.5 

4.1 

527 

8.7 

0.2 

SUMMARY OF ROCFALL ANALYSIS

Rock(s) Reaching Barrier

Max. Bounce Height (m) 0.1 3.6 
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Section

Section ID

Seeder Type

4,610 2,219 
Total Kinetic Energy 

(kJ)

Translational Velocity 

(m/s)
19.3 29.3 

Bounce Height (m)

Summary of Results

Travel Distance from 

Source (m)
139 261 

2,932 938 
Max. Total Kinetic 

Energy (kJ)

22.7 11.8 
Max. Translational 

Velocity (m/s)
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5.0

Approved 

by:
JY Revision: 0Date: June 2019

Prepared 

by:
MS

Checked 

by:
AC

JOB TITLE: Flying Fish Cove, Christmas Island Slope Stability

JOB NUMBER: 268575 SHEET DESCRIPTION: Results of RocFall Analysis
Sheet No.:

Conclusion

The analysis shows that the maximum bounce height at the rockfall barrier is about 3.6m and the maximum kinetic 

energy at the barrier is about 2932kJ. To address the rock/boulder fall hazards, it is therefore suggested that  a 

5000kJ barrier with at least m high shall be sufficient. 

Based on the RocFall analysis, the rockfall barrier at the toe of the cliff is likely to be affected by rock/boulder fall 

hazards. Therefore, mitigation measures for rock/boulder fall hazard are required based on the analysis.

5
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